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SS3011 Phasing Maneuver

» Design a Orbital
Maneuver

that Allows
Transfer of a

GEO Synchronous
Communication
Satellite

from the Longitude
of New York City
to the Longitude of

Los Angeles A longitude
Modulus[ Tohasing™ Tsolar dayl = 2 ONITUCE

AN

WGeo
/




=2 bhasing Maneuver (part 2)
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» Design a Reverse
Orbital Maneuver
that Puts the Satellite /
Back to the
Longitude of New
York City after Missio
Has been accomplishéd

SS3011

What To Compute

* Compute
... Phasing Orbit Parameters
... Phasing Orbit Period
... RequiredV1i, AV2

e Assume Ihin > 32,000 km
(to stay above Van Allen belts)

* Note: It may take Multiple orbits of Phasing
Orbit to accomplish this task
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What To Compute..

 Compute
... Burn time for Transfer Orbit Insertion
... Burn Time for Final Orbit Insertion
... Required Fuel Budget #W/1, AV?
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SS3011
Parameters of the Problem

Solar Day: 23 hrs, 56 min, 4.1 seconds

Gravitational Parameter: | | = 3.986x 1@%

Longitude of New York City: 40 deg, 40 min West Longitude

Longitude of Los Angeles: 118 deg, 15 min West Longitude
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SS3011
Parameters of the Problem

Specific Impulse

e Fhruster= 0.500 kNt
» Spacecraft mass

1000 kg'Dry”




[ ]
553011 First Compute Radius of

Geo Orbit

« Kepler's Third law T

=

Tgeo=23 Nrs 56 min 4.1 sec =86164.1 sec

rTeo 213
age":[“z“ -

[\/ 3 986x 1(p km® X 86164.1 sec 318/3
| sec

4 42164.2 kn
2Tl
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Next Compute Angular Velocity
of GEO Orhit

GEO orbitl] w [ constant =

2 Ttradians — radians
36164 1 soc .0000729212 sec
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SS3011 _ _
Compute Linear Velocity of

GEO Orbit

VGeo = \/;Gp; =

3.986 x D5 km®
\/ se¢ = 307460

42,164.2 km Se(

=301 Compute Required Time of

Flight for Phasing Maneuver
Longitude of New York City: 40 deg, 40 min West Longitude

Longitude of Los Angeles: 118 deg, 15 min West Longitude

Av =118 15'- 40 40' = 77.5833= 1.3541 radiar

TOF =_4Av__—_ 1.3541radians _
"BEO 0000729212 radians

18569.16 sec
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SS3011 | _ _
Use“Exterior” Phasing Orbit

SS3011 . . .
equired Period farExterior”

Phasing Orbit

A longitude
WGeo

Tpnasing= 86164.1 + 18569.2 = 104733.3

Modulus[ Tphasing- Tsolar day] =

fhasing _ Tphasingr’?’_ 104733.26 se®3 _ .
aGEO ‘{ Toeo | { 86164.1 1.1389:
n

Bohasing= 42,164.2 kmx 1.13895 = 48,023.0 km

ooooooooooooooooooo
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Compute Eccentricity of the
Phasing Orbit

a1ohasing[ 1 - Q)hasing = Rsed2,164.2 km
[]

. Reeo _ . 421642km_ . ...
Sprasing= 1 g e ~ 1 48.023.0 km_ 1%

Do we need this?

ooooooooooooooooooo

SS3011 | |
Compute Perigee Velocity of

Phasing Orbit

V(phasing): 2“ _ M —
perigee I'perigee  Sphasing

\/ , 3.086 x 16 km®> 3986 x 16 km®

see se@ _ km
451642 km  48.023.0km . °-2°08e(
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ComputeAV Required to Insert
Spacecraft into Phasing Orbit

— hasin —
AVphasing— Vg)erigeeg)' VGEO -

km km — km
3.2568@- 3.0746@— 0.1822ﬁ

ComputeAV Required to Insert
Spacecraft into Final GEO Orbit

_ hasin
AVFinaI— VGEO 'Vfoperigeeg)

Km Km — m
3.0746KM. - 3.2568KM. = . 0.1822XM

Retrograde Burn

ooooooooooooooooooo
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SS3011 | | |
Look “Interior” Phasing Orbit

Retro-grade Burn
(NegativeAV)
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SS30 . . .
I]-'élequwed Period fdrinterior”

Phasing Orbit

A longitude
WGeo

Modulus[ Tonasing= Tsolar dayl =

Tpnasing= 86164.1 - 18569.2 = 67594.9

SS3011 o .
Next Compute Semi-Major AxIs

of Phasing Orbit with Perigee at
32,000 km

(as per problem constraints)

_ rapogee"’ rperigee _
%hasing— 2 —

42164.2 kn; + 32,000 Km 45005 1 Ky

ooooooooooooooooooo




SS30 . .
llCompute Period of Phasing

Orbit with Perigee at 32,000 km

per problem constraints)

_2 ez _ 6.283185x[37082.1 knif2

Tphasing
H V 3.986x 10° léTm@B

= 71065.3 s¢

 Allowable Minimum size interior orbit is far too big
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SS3011 Must use “Exterior” Phasing
| ‘Orbit

Naval Postgraduate School

ooooooooooooooooooo




SS3Q11
equired Period farExterior”’

Phasing Orbit

A longitude

MOdU|US[ -||-ohasing' TSoIar day] - WGeo

Tphasing= 2 % 86,164.1 - 18,569.2 = 153,759

aphasing: F—phasingJZ/3 — [153,759 se

2/3
aGEO 86164.1 i = 1471

TG EO

[]
Bphasing= 42,164.2 kmx 1.13895 = 62032.60 ki

ooooooooooooooooooo

SS3011 | |
Compute Perigee Velocity of

Phasing Orbit

V(phasmg): 2“ _ M —
perigee I'perigee  Gohasing

e@ _ e@ _ km
51642 km  62032.60 km - 3032%et

\/ , 3986x16km 3986x16km3

ooooooooooooooooooo




ComputeAV Required to Insert
Spacecraft into Phasing Orbit

_ hasin _
AVphasing— V|(Opengeeg) VGEO -

km km — km
3. 5329—SeC 3. 0746—5eC 4583—38(

ComputeAV Required to Insert
Spacecraft into Final GEO Orbit

_ hasin
AVFina = VGEo 'Vfoperigeeg)

Km okm _
3.0746K0, - 3.5320KM = . 0.458%M

Retrograde Burn

ooooooooooooooooooo




SS3011
“Delta-Ve€’ Summary for Round

Trip Maneuver

AV - 0.1822m
AV, _ -0.1822km
AVs; — 0.4583kn
AV, -0.4583km
[ ]
SS3011

Fuel Budgeting

» Spacecraft mass
1000 kg‘Dry”

e Start at Burn 4 and
Work Backward

Weight of Vehicle at End of Maneuver Series
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Burn 4 Fuel Consumption

burn ]

AV }
burn
Qo lsp -1 ]

M
0
M

final

AV = g lgpln
0

M fuel = [M dry + Iv'payload} [ 4

km
0.4583KM.
9.806x 103 KM x 310sec
5*3:2
-1

10009x| €

= 162.72 kg
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SS3011 Burn 4 --> Burn Time

[Fag
0 ~ |F| Thurn

lsp= " m

P P

L[]
Ipr m
_ p _ 310 secx 162.72 kg_
Thurn = E = kg - m = 100.9 se
| | 500———
sec
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SS3011 Burn 3 Fuel Consumption

and Burn Time

AVb
M tuel = [M dry * Ivlpayload_ \‘ -1 ‘ -
Add in fuel 0.4583KM,
Reserved | L_goex 103 km 310890]
forburn4 | . et
1162.72:%| e -1
= 189.20 kg
lspx M
P
A 310 secx 1_89.20@ 1173 se
-m
IF 500-9
see

SS3011 Burn 2 Fuel Consumption
and Burn Tim

AVburn
Mfuel =M, +M lggﬂsp _1]:
Add in fuel [ dry payload}
Reserved n )
\ 0.1822km
];O;E (ljj rzs \ 9.806x 1073 Slgcnje: 310sec
1351.9%gx| € -1
= 83.51kg
X
_ ISp mp _ 310 secx 83.51 kgkg
Thurn = —= = kg - m =51.78 s€
|F| 500
sec
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SS3011 Burn 1 Fuel Consumption

and Burn Time

\‘ gAvburn ‘
— o Isp | _
Addinfuell Ml = My * Moicad) L]=

2,3 and 4 \

9.806% 103 KM x 310sec

Reserved ;
for burns \ { 018220
-1

1435.43gx| @
— 88.67 kg
lspX M
P 88.67
Tourn = ||E| P - 310 Sec::g m kg _ 54.97 se
500—56@

Propellant Burn Summary

Burm 88.67 kg
Burn, 83.51 kg
Burng 189.20 kg
Burny 162.72 kg |

» 524.1 kg total propellant consumed
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Burn-Time Summary

Burm 54.97 sec
Burn, _ 51.78 sec
Burns 117.3 sec

- Burny 100.9 sec

» 324..95 secondwtal burn life of engine
expended
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